Introduction
The rate of admission to the ICU and intensive care mortality in patients with HIV infection have shifted repeatedly during the AIDS epidemic, influenced by attitudes of patients and providers toward utility of care. Respiratory failure remains the most common diagnosis for ICU admission in patients with HIV infection, and, despite advances in medical therapy and intensive care medicine, the mortality of these patients remains substantial [1, 2] . However, the incidence of AIDS-associated illnesses has significantly decreased, and the overall life expectancy of HIV-infected patients markedly increased after the introduction of HAART [3, 4] . Nevertheless, infectious and noninfectious complications that may require critical care support continue to occur in this patient population. In the past decade, the number of patients with AIDS-defining conditions admitted to the ICU decreased dramatically. This decreasing pattern has been offset by a parallel increase in the number of patients with HIV infection admitted for medical problems nonrelated to HIV infection [5] . Several studies have suggested that the introduction of HAART not only improved the survival of HIV-infected patients admitted to ICU but also changed the etiology of admissions of these patients to the critical care units 2 Interdisciplinary Perspectives on Infectious Diseases [5] [6] [7] . Unfortunately, only 25%-50% of HIV-infected patients receive HAART at the time of admission to the ICU [5, 6] . Retrospective cohort studies have shown that prognostic factors of mortality in HIV-infected patients admitted to ICU are diverse, including severity of acute illness, poor functional status, and respiratory failure requiring mechanical ventilation [8, 9] .
In this study, the authors evaluated the etiology of respiratory failure among HIV-infected patients requiring ICU admission, its relationship with their CD 4 lymphocyte count as well as the use of HAART, and its impact on outcome.
Methods

Study Design and Patient Population.
The study has a prospective, observational design. It was conducted in a general, community innercity hospital located in Brooklyn, New York (Woodhull Medical and Mental Health Center), which serves a multiethnic HIV population. The hospital has a total of 346 beds distributed among general internal medicine, general surgery, psychiatry, obstetrics/gynecology, and pediatrics wards. The ICU at our institution works under a "closed system" with the supervision of 5 boardcertified intensivists and is composed of 12 beds, with an annual admission average of 700 patients. All patients, 18 years or older, with known HIV infection and respiratory failure admitted to the ICU, either from the emergency department or transfered from the medical or surgical wards, were enrolled in the study. We excluded patients with HIV infection admitted to the ICU for reasons other than respiratory failure. For the purpose of this study, only data from the first admission was analyzed in patients readmitted to ICU within 30 days. Variables such as age, gender, comorbid conditions, Acute Physiology and Chronic Health Evaluation-(APACHE-) II score at the time of ICU admission, Tlymphocytes count (CD 4 ), HIV viral load by PCR (test was performed using the COBAS AmpliPrep/COBAS Taqman, HIV-1 test kit version 2.0, Roche Molecular systems, Inc.), use of HAART at the time of admission, needs for mechanical ventilation or noninvasive ventilation and/or vasopressors, and outcome at hospital and ICU discharge were measured. Computerized medical records were reviewed and clinical information was abstracted for each patient. After waiving the need for informed consent, the Institutional Review Board approved the study.
Results.
A total of 42 patients with HIV infection and respiratory failure were admitted to ICU during the 15-month study period. On admission to ICU, 23 patients (54.8%) were receiving HAART. Nineteen patients (45.2%) were not on antiretroviral therapy, either because of poor adherence or lack of access to medical care. None of the patients were started on HAART in the ICU. Their median CD 4 cell count was 123.0 cells/ L (mean 205.7, range 2.0-694.0), with a median HIV viral load of 203.5 copies/mL (mean 58,676, range <20-367,649). Among patients receiving HAART, the median CD 4 cell count was 187.9 cells/ L (mean 218.5, range 2.0-694.0), with a correspondent median HIV viral load of 51 copies/mL (mean 27,356, and range <20-235,769). Patients not receiving HAART had lower CD 4 cell count (median 51.0 cells/ L, mean 190.2, and range 3.0-689.6) and higher viral load (median 55,851 copies/mL, mean 96,594, range <20-367,649). The median age was 52 years (range 20-80). Twenty-nine patients (69.0%) were males. On admission to ICU, the median APACHE-II score was 15 (mean 15.9, range 5-27). Patients with noninfectious etiology of respiratory failure had higher APACHE-II score (median 17, range 8-27 versus median 13, range 5-23). Infectious etiology of respiratory failure was identified in 17 patients (40.5%), while a noninfectious reason was accountable in 25 patients (59.5%). Both patients on HAART and those not receiving antiretroviral therapy were most likely to have a noninfectious etiology for the respiratory failure (14, 60.9% and 11, 57.9%, resp.). Etiologies of respiratory failure in these patients are summarized as follows.
Infectious etiology of respiratory failure in patients with HIV infection is as follows:
(1) bacterial pneumonia (6) (2) Pneumocystis jirovecii pneumonia (4) 
Discussion
This study examined the characteristics of HIV-infected patients with respiratory failure admitted to ICU. It provides important insights into the critically ill patient with HIV infection, through identification of variables influencing the outcome of these patients. To our knowledge, this is the first study to analyze the etiology of respiratory failure in HIVinfected patients requiring ICU admission and their outcome in the New York City public hospitals system (New York City Health and Hospitals Corporation). Since the onset of the HIV epidemic, there has been a significant shift away from AIDS-defining diagnoses as indications for ICU admission. In this study, non-HIVrelated illnesses accounted for majority of admissions, which goes in accordance to results from other studies [6, 9, 10] . The overall hospital survival rate in this report is comparable to data previously published [10] [11] [12] . Although the reported overall hospital mortality rate in this study was lower than in other series [6, 13, 14] , our ICU survival rate was remarkably lower when compared with similar studies [5, 9, 11, [13] [14] [15] . Majority of our patients were receiving antiretroviral therapy at the time of death. On the other hand, none of patients that were not receiving HAART were initiated on antiretroviral therapy in ICU. While the long-term benefits of HAART on survival among HIV-infected outpatients are indisputable, there may be no short-term benefits in ICU patients with critical illnesses. Data on the impact of HAART on the incidence of critical illness among HIV-infected patients are limited. HAART leads to decreased opportunistic infections that collectively could contribute to lower risk of ICU admission. Because HIV-infected patients are living longer, however, they are at increasing risk of developing comorbid illnesses not previously thought to be HIV related, and these non-AIDS-related conditions account proportionally for the majority of deaths [15, 16] . Our results failed to demonstrate the potential protective and beneficial effect of HAART in both ICU admission and mortality, contradicting results from previous reports [5, [17] [18] [19] [20] . It is well known that the use of HAART is associated with a dramatic reduction in HIV viral load and with a concomitant increase in CD 4 cell counts. Management of antiretroviral therapy is a challenge in ICU, and introducing HAART in a critically ill patient is a difficult decision. There are no pharmacologic or pharmacokinetic data concerning antiretroviral therapy in hemodynamic unstable patients. Concerns about drug-to-drug interactions and toxicities, medication absorption, and variability of drug levels are common challenges among intensivists. Since the authors of this study did not collect information on adherence to HAART prior to ICU admission and our observational study did not measure HAART resistance, the impact of nonadherence or drug resistance as explanations cannot be excluded. Therefore, our study probably does not reflect the effect that HAART has on the survival of patients with HIV infection admitted to the ICU. In addition, this study does not address the real value of intensive care for critically ill patients with HIV infection, because it is possible that a significant selection bias existed during the triaging process. Although HAART use may not be associated with short-term ICU survival, long-term survival may be improved in the group of ICU survivors who received antiretroviral therapy [5, [20] [21] [22] . In one study, Morquin et al. showed that introducing HAART on admission to ICU seems to be protective in both short-and long-term outcomes [20] . Nevertheless, the overall mortality rate in this study falls into the range observed in other series [2, 6, 11, 23] .
As previously described [9, 11, 20, [24] [25] [26] , the authors of this study identified independent predictors of hospital mortality: low CD 4 cell count, infectious etiology of respiratory failure or sepsis, and needs for mechanical ventilation and/or vasopressors. Although comparable to results from other similar studies [12, 14, 27] , the median CD 4 cell count in our patients was higher than those reported in other series [9, 10, 13, 28] . A large proportion of our HIV-infected population is known for poor adherence to antiretrovirals and ongoing substance abuse. The substandard treatment responses to HAART in our patients may be due to the presence of transmitted drug resistance of the HIV strains, poor adherence to HAART that may result in emergence of antiretroviral drug resistance mutations, and suboptimal or nonimmunological response. The median APACHE-II score in our patients was lower than reported in previous studies [10, 14, 18, 21] , and we found no significant difference in the APACHE-II score of survivors and nonsurvivors. This result contradicted data from other studies, where elevated APACHE-II scores were prognostic of adverse outcomes in these patients [5, 9, 10, 12] . Interesting is the high number of patients who received mechanical ventilation in this study, outweighing results from other reports [9-11, 13, 14, 20, 23, 28] . However, our patients' length of stay in ICU is comparable to figures shown previously [11, 14, 18, 27] . We hypothesized that our lengthened ICU stay was the result of some patients who developed complications such as acute respiratory distress syndrome and hemodynamic instability during the course of their illnesses and, therefore, weaning from mechanical ventilation and/or tracheostomy procedures were delayed. It may also explain the large number of tracheostomy procedures performed in our patients, when compared to data published by Coquet et al. [26] . In addition, and similar to one study [20] , near half of our patients received vasopressors during their ICU stay, which contributed as well to adverse outcomes. These results may be explained by factors related to our patient population and their availability to access medical care. Probably, our patients did not seek medical care at the beginning of their illnesses, which likely is related to suboptimal outcomes.
The main strength of this study is the prospective nature of its design, with evaluation of all consecutive admissions to ICU of patients with HIV infection and respiratory failure. There are some limitations in this study. First, the observational nature limits firm conclusions regarding HAART use and survival. Second, the case number is relatively small and it was conducted in a single center. Therefore, the results may not be generalizable and applicable to other institutions and HIV populations since clinical practice and demographics may differ across institutions. Third, this study does not address outcomes after hospital discharge. Therefore, the predictors of long-term survival and any impact of antiretrovirals on long-term survival remain unknown.
Conclusions
The ICU utilization for HIV-infected patients in our institution has not been changed by the advent of HAART, and the impact of antiretroviral therapy on the indications and outcome of ICU admission remains controversial. Our data suggested that the short-term survival of HIV-infected patients admitted to the ICU is not dependent on the use of HAART and that outcomes are mainly related to the degree of immunosuppression. Larger prospective studies are needed to examine the impact of HAART and other parameters on the outcomes of patients with HIV infection and respiratory failure admitted to the ICU.
